4) 



metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 



ISSN 1600-5368 



Trichlorido{/i-6 / 6 / -dimethoxy-2,2 / -[cyclo- 
hexane-1,2-diylbis(nitrilomethanylyl- 
idene)]diphenolato}dimethanol- 
copper(ll)samarium(lll) 

Yan Wang, Qian Zhang, Peng-Fei Yan,* Guang-Feng Hou 
and Hong-Feng Li 

School of Chemistry and Materials Science, Heilongjiang University, Harbin 150080, 
People's Republic of China 
Correspondence e-mail: yanpf@vip.sina.com 

Received 20 March 2012; accepted 3 April 2012 

Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.008 A; 
R factor = 0.038; wR factor = 0.096; data-to-parameter ratio = 18.9. 



In the title hetero-dinuclear complex, [CuSm(C 2 2H24N 2 04)- 
Cl 3 (CH 3 OH) 2 ], the Cu" cation is AyV,0,0'-chelated by a 6,6'- 
dimethoxy-2,2'-[cyclohexane-l,2-diylbis(nitrilomethanylyl- 
idene)]diphenolate ligand, and one CP anion further 
coordinates to the Cu 11 cation to complete the distorted 
square-pyramidal coordination geometry, while the Sm 111 
cation is chelated by four O atoms from the same ligand, 
and is further coordinated by two methanol molecules and 
two CP anions in an bicapped trigonal-prismatic geometry. 
Intra- and intermolecular O— H - Cl hydrogen bonds are 
present in the structure. 

Related literature 

For background to metallic Schiff base complexes and similar 
structures, see: Liu et al. (1990); Xu et al. (2011). For the 
synthesis of the ligand, see: Bao et al. (2010). 



Experimental 

Crystal data 

[CuSm(C 22 H 24 N 2 04)Cl 3 (CH 4 0) 2 ] 

M r = 764.71 

Monoclinic, P2 l /c 

a = 7.5130 (15) A 

b = 26.712 (5) A 

c = 14.970 (5) A 

/3 = 110.21 (3)° 

Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
T = 0.475, T m „ = 0.605 



Refinement 

R[F 2 > 2a(F 2 )] = 0.038 

wR(F 2 ) = 0.096 

S = 1.11 

6432 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2819.3 (12) A 3 
Z = 4 

Mo Ka radiation 
/x = 3.14 mnP 
T = 293 K 

0.24 x 0.22 x 0.16 mm 



26818 measured reflections 
6432 independent reflections 
5702 reflections with / > 2a(l) 
R iM = 0.039 



340 parameters 

H-atom parameters constrained 
A/w = 1.38 e A~ 3 
Apmin = -1.22 e A~ 3 



D-H-A 




D-H 


H-A 


D-A 


D-H-A 


05-H5^- 


■C13 


0.83 


2.20 


3.016 (4) 


169 


06-H6-- 


C12' 


0.82 


2.45 


3.251 (4) 


166 



Symmetry code: (i) x — \,y, Z. 

Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO- data reduction: CrystalClear (Rigaku/MSC, 2002); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); 
program(s) used to refine structure: SHELXTL; molecular graphics: 
SHELXTL; software used to prepare material for publication: 
SHELXTL. 

This work was supported financially by the National Natural 
Science Foundation of China (Nos. 21072049 & 21072050) and 
Heilongjiang University, China. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: XU5492). 
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Trichlorido{^-6,6 f -dimethoxy-2,2 f -[cyclohexane-1,2-diylbis(nitrilomethanylyl- 
idene)]diphenolato}dimethanolcopper(ll)samarium(lll) 

Yan Wang, Qian Zhang, Peng-Fei Yan, Guang-Feng Hou and Hong-Feng Li 

Comment 

Metallic Schiff base complexes are of considerable interest because of the variable structures and potential application in 
magnetic, luminescence and electrochemical behavior (Liu et al, 1990). We present here the sythesis and crystal structure 
of the title complex. 

In the title complex, the Cu(II) ions is five-coordinated by two imino nitrogen atoms and two phenolate oxygen atoms 
from the ligand, and one chlorine atom. The Cu — N bond distances are 1.926 (4) and 1.931 (4) A, and the Cu — O bond 
distances are in the range of 1.926 (3) — 1.942 (3) A, which in accordance with the reported values. The Sm(III) ion is 
eight-coordinated by four oxygen atoms from the ligand, two oxygen atoms of two methanol molecules and two CI 
atoms. The Sm — O bond distances are in the range of 2.372 (3) — 2.615 (3) A, the Sm — CI bond distances are 2.6637 (13) 
and 2.6940 (15) A. (Fig.l, Table 1). The Sm— Cu distance is 3.4292 (9) A. The positive charge of the Sm(III) and Cu(II) 
ions are balanced by the ligand L 2 ~ and three chlorine anions (L = A^,7V r '-bis(2-oxy-3-methoxybenzylidene) -1,2-diamino- 
cyclohexane). 

Experimental 

The salen-type ligand was synthesized following the reference (Bao et al. 2010). To a 1:1 MeOH/CH 2 Cl 2 solution (20 
mL) of LCuH 2 0 (0.0980 g, 0.2 mmol) was added SmCl 3 6H 2 0 (0.0728 g, 0.2 mmol) at the room temperature. After 
stirring for 12 h, the solution was filtered to remove the suspended particles. Yellow single crystals suitable for X-ray 
diffraction were obtained by slow diffusion of diethylether into the filtrate in five days. 

(CuClC 2 2H 2 404N 2 )SmCl2(CH 3 OH) 2 , Elemental Anal. Calc: C, 37.69; H, 4.22; N, 3.66 wt%, Found: C, 37.68; H, 4.24; N, 
3.64 wt%. 

Refinement 

H atoms bound to C atoms were placed in calculated positions and treated as riding on their parent atoms, with C — H = 
0.93-0.98 A with (7 1S0 (H) = 1.2(1.5 for methyl) Ceq(C). Hydroxy H atoms were located in a difference Fourier map and 
refined with the O— H bond distance restrained to 0.82 A. The reflections (0 4 6), (2 9 4), (1 8 5), (3 6 3) and (-3 2 9) 
have been omitted during the refinement. 

Computing details 

Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: RAPID-AUTO (Rigaku, 1998); data reduction: 
CrystalClear (Rigaku/MSC, 2002); program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to 
refine structure: SHELXTL (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

The crystal structure of the title compound. 
Trichlorido{//-6,6'-dimethoxy-2,2'-[cyclohexane-1,2- 

diylbis(nitrilomethanylylidene)]diphenolato}dimethanolcopper(ll)samarium(lll) 



Crystal data 

[CuSm(C 2 2H 2 4N 2 04)Cl3(CH40) 2 ] 

M,. = 764.77 

Monoclinic, P2\lc 

Hall symbol: -P 2ybc 

a = 7.5130 (15) A 

6 = 26.712(5) A 

c= 14.970 (5) A 

P= 110.21 (3)° 

V= 2819.3 (12) A 3 

Z=4 

Data collection 

Rigaku R-AXIS RAPID 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
oj scan 

Absorption correction: multi-scan 

(ABSCOR; Higashi, 1995) 
r min = 0.475, r max = 0.605 



F(000) = 1520 

D* = 1.802 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 22347 reflections 

6 = 3.0-27.5° 

ju = 3.14 mirT 1 

T=293 K 

Block, yellow 

0.24 x 0.22 x 0.16 mm 



268 1 8 measured reflections 
6432 independent reflections 
5702 reflections with / > 2a(I) 
R mt = 0.039 

#max = 27.5°, 8 min = 3.0° 

h = -9^9 
k= -34^34 
? = — 19— »19 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 1 > laiF 1 )] = 0.038 
wRiF 1 ) = 0.096 
S = 1.11 

6432 reflections 
340 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 0 2 ) + (0.0215P) 2 + 12.8071P] 

where P = (F 2 + 2F 2 )I?> 
(A/o-)^ = 0.007 
Ap max = 1.38 eA" 3 
Ap mta = -1.22e A -3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Refinement, omit 0 4 6 omit 2 9 4 omit 1 8 5 omit 3 6 3 omit -3 2 9 

Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional 
R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only 
for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are 
statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


wso ' ^eq 


Sml 


0.71298 (3) 


0.826090 (8) 


0.734742 (16) 


0.03035 (8) 


Cul 


0.87065 (9) 


0.94753 (2) 


0.75822 (4) 


0.03624 (15) 


Cll 


0.5519(2) 


0.73817 (5) 


0.74276 (10) 


0.0479 (3) 


C12 


1.0014(2) 


0.78339 (6) 


0.69456 (11) 


0.0561 (4) 


C13 


0.5786 (2) 


0.97014 (5) 


0.81281 (11) 


0.0511 (3) 


CI 


0.6853 (7) 


0.91187(19) 


0.5636 (3) 


0.0370(10) 


C2 


0.6128 (7) 


0.8715 (2) 


0.5017(3) 


0.0378 (11) 


C3 


0.5577 (8) 


0.8772 (2) 


0.4044 (4) 


0.0500(14) 


H3 


0.5102 


0.8502 


0.3641 


0.060* 


C4 


0.5742 (10) 


0.9239 (2) 


0.3674 (4) 


0.0569 (16) 


H4 


0.5351 


0.9282 


0.3018 


0.068* 


C5 


0.6472 (10) 


0.9636 (2) 


0.4261 (4) 


0.0545 (15) 


H5 


0.6580 


0.9946 


0.4001 


0.065* 


C6 


0.7065 (9) 


0.9580 (2) 


0.5259 (4) 


0.0454 (12) 


C7 


0.7905 (11) 


1.0016(2) 


0.5827 (4) 


0.0603 (17) 


H7 


0.7938 


1.0311 


0.5504 


0.072* 


C8 


0.9401 (16) 


1.0476 (3) 


0.7301 (5) 


0.100 (3) 


H8 


0.8389 


1.0570 


0.7542 


0.120* 


C9 


0.9615 (11) 


1.0941 (2) 


0.6791 (5) 


0.0625 (17) 


H9A 


0.8385 


1.1038 


0.6344 


0.075* 


H9B 


1.0440 


1.0872 


0.6430 


0.075* 


C10 


1.042 (2) 


1.1367 (3) 


0.7461 (6) 


0.123 (5) 


H10A 


1.0891 


1.1616 


0.7126 


0.148* 


H10B 


0.9398 


1.1519 


0.7619 


0.148* 


Cll 


1.1897(12) 


1.1251 (2) 


0.8319(7) 


0.088 (3) 
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TJ 1 1 A 

ril 1A 


1 1 AO /I 

1. 1984 


1 1 CO C 
1.1 JZJ 


U.o / j9 


A 1 A^* 

0.105^ 


hub 


1.3075 


1.1248 


0.8188 


0.105* 


C12 


1 1 *7ac /a\ 
1.1 /95 (9) 


1 a*7/c:o /o\ 
1.0/63 (2) 


A OOOC / A\ 

0.8835 (4) 


A AC A 1 (A A\ 
0.0501 (14) 


T T 1 1 A 

H12A 


1 O (\ S c 

1.3065 


1 A/" 1 

1.0661 


A AO O C 

0.9225 


A A/"AA 

0.060* 




1.1U/U 


1 no 1 q 
l.Uolo 


a mci 
v.yZjZ 


O.OoO^ 


C13 


1 AOOO /1 0\ 

1.0883 (12) 


1 AO C O ZO\ 

1.0358 (2) 


a oi n /c\ 
U.813 / (3) 


A ATA /OA 

0.0 /9 (3) 


TT1 1 

H13 


1 1 om 

1.1897 


1 AO O 1 

1.0281 


0.7887 


A AA C rfs 

0.095* 


C14 


1.162/ (/) 


A A*7AAzC /1 OA 

0.9 /096 (18J 


A AO C A //I \ 

0.9350 (4) 


0.0411 (11) 


TT1 /I 


1.2479 


A A AO £L 

0.9936 


A AT /I 

0.9746 


A A /I A* 

0.049^ 


CI j 


1 1 c^a tn\ 
l.lDoU (/) 


A AO 1 O O / 1 OA 
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A AO J 1 / 1 A\ 

0.0341 (10) 
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A OCA 1 
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1 IT/TV / O \ 
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H18 


1.1825 


A "7 A /I O 

0.7942 


1.0807 


0.050* 


C19 


1.0557 (7) 


0.83442 (17) 


A AzTOT ZO\ 

0.9627 (3) 


A AO A 1 / 1 A\ 

0.0341 (10) 


C2U 


1.U43U (o) 


A OO 1 AA ( 1 £\ 

U.0519U (lo) 


A A 1 AC /^A 

U.9193 (3) 


A AOAC /A\ 

U.Uz9j (9) 


C21 


0.9741 (10) 


0.7477 (2) 


0.9362 (5) 


0.0627 (18) 


H21A 


1.1034 


A TO AO 

0.7393 


0.9453 


A AA /I sk 

0.094* 


t 1 ri 

H21B 


a onno 
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A C 1 AC 
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C23 
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0.8815 (3) 
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H23A 
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0.8947 
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0.115* 


T T1 O TO 
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0.1428 
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A A /I yll /AA 
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n Q707 


U.OOOUU ^ 1 1 J 


0 8704 (1\ 

YJ.OZ.yH \Z. J 


U.UJJJ ^ 


04 


0.9380 (5) 


0.79875 (12) 


0.9037 (2) 


0.0376 (8) 


05 


0.5922 (5) 


0.85941 (13) 


0.8540 (3) 


0.0458 (9) 


H5A 


0.5831 


0.8903 


0.8488 


0.055* 


06 


0.3557 (6) 


0.83790(16) 


0.6567 (3) 


0.0561 (10) 


H6 


0.2791 


0.8194 


0.6687 


0.067* 



Atomic displacement parameters (A 2 ) 



W_ LP2 jy33 jjn yn TP 

Sml 0.03588 (13) 0.02655 (12) 0.02773 (12) -0.00480 (9) 0.00986 (9) -0.00285 (9) 
Cul 0.0475 (4) 0.0268 (3) 0.0287 (3) -0.0079 (2) 0.0058 (2) 0.0009(2) 
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u.uyi (5) 


A AT C /T A 
U.U35 (j) 


A a/:o //I A 

U.Uoz (4) 


A A 1 C /T A 
— U.U15 (3) 


A AO O i A A 

U.Uzo (4j 


A AAT /TA 
U.UU3 (3j 


C1U 


A OOO /1 TA 

U.zzo (1 3j 


A A/IO //IA 

U.U4V (4j 


A AT 1 /CA 
U.U /I (3) 


A A/l T /£A 

— U.U4/ (oj 


A AO C /TA 

U.UZD (/j 


A AAO t A A 

U.UUs (4j 


Cll 


A ATO /CA 

U.U/5 (j j 


A A*} /I /T A 

U.U34 (j) 


A 1 OT /"7A 

U.123 (/) 


A AOT /T A 
— U.U23 (3) 


A AAO /CA 

—U.UUz (Dj 


A A1 T //1A 
U.U13 (4j 


Clz 


A AC A /T A 

U.UM (j) 


a nn /i a 
U.U3 / (3) 


A A //I A 

U.UoU (4) 


A A 1 T /T A 
— U.U13 (3j 


A AO 1 /T A 

U.Uzl (3j 


A AAA /OA 
— U.UU9 (Zj 


pn 
CI 3 


A AAA /CA 
U.U9U (j j 


U.Ujz (3) 


A ATT /CA 
U.U / / (5) 


A (11/ /T A 

— U.U26 (3j 


A AO A (A A 

— U.UzU (4j 


A A 1 1 /T A 
U.UU (3j 


C14 


A A/1 1 /TA 
U.U41 (3j 


a nn /oa 
U.Ujz (Zj 


A A/1 T /TA 
U.U43 (3 J 


A AA/1 /OA 

— U.UU4 (zj 


A AAC /OA 
U.UUD (Zj 


A AAO /OA 

—U.UUo (Zj 


C15 


A AT C /OA 
U.U32) (zj 


A AT A /OA 

U.U34 (zj 


A AT 1 /OA 

U.U31 (z) 


A AAOT /1 OA 

—U.UUz / (19j 


A A AT A /1 AA 
U.UU /9 (19j 


A AA£0 /1 OA 

— U.UU6Z (19j 


C16 


A AT C /T A 

U.U35 (J) 


A A A 1 /I A 

U.U41 (3) 


A AT /I /OA 

U.U34 (z) 


A AA1 /OA 

-U.UU1 (Zj 


A AAO /OA 

U.UUz (zj 


A AAT /OA 

-U.UU / (Zj 


pin 

CI / 


A A/l A f1\ 

U.U44 (3 ) 


A A/1 C /TA 

U.U4o (3 J 


A ATA /OA 
U.U3U (Z) 


A AAO /OA 

U.UUz (/j 


A AA1 /OA 
U.UU1 (Zj 


A AAO /OA 

U.UUz (Zj 


Clo 


A A/IT /TA 

U.U4/ (3j 


A AT £ /TA 

U.U36 (3 j 


A AT£ /TA 

U.U3o (3 ) 


A AAT /OA 
U.UU3 (/j 


A AAT /OA 
U.UU / (Zj 


A AA£ /OA 

U.UU6 (zj 


pin 

ciy 


A AT C /OA 

U.U32) (zj 


A AT 1 /OA 

U.U31 (zj 


A AT /; /OA 

U.U36 (Z) 


A A A AO /1 AA 

— \)Sj\)\)L (19j 


A A1 O /OA 

U.Ulz (Zj 


A AA/1 C /1 AA 

-U.UU43 (19j 


pin 
CzU 


A AT A 

U.U3U (zj 


U.Uz / (z) 


A AOA /OA 

U.U29 (z) 


A AAAT / 1 OA 

v.vvvi (loj 


A AAOT /10A 

U.UUo3 (loj 


A AAO A / 1 TA 

—V.vvZ^ (1 / j 


Czl 


A f\£1 (A A 

U.Uoi (4) 


U.Uzy (3J 


A ATO //1A 
U.U/Z (4) 


A AA1 /TA 
U.UU1 (3 j 


A AA£ /TA 

—U.UUo (3 j 


A AAT /TA 
U.UU3 (3j 


PTT 

Czz 


A AO/; /CA 

U.US6 (3) 


A ACO i A\ 

U.U_>y (4J 


A ACT //1A 

U.U33 (4J 


A AT C //1A 

— U.U35 (4j 


A AO 1 /TA 

U.Uzl (3j 


A AO/; /TA 

— U.UZ6 (3 j 


Cz3 


A ACT //I A 

U.Uj / (4) 


A (\HH /C\ 
U.U / / (5) 


A AOA /CA 

U.Uo9 (3) 


A A 1 C //I A 

U.U13 (4j 


A A 1 £L //I A 
U.U 16 (4j 


A AT 1 //I A 

U.U31 (4j 


Cz4 


A AAT /CA 
U.U93 (j j 


A A£ A //I \ 

U.UoU (4) 


A AO/C /CA 

U.Uoo (j) 


A A 1 1 //I A 

—U.U 11 (4j 


A AzC£ /CA 
U.U66 (3j 


A A 1 1 //I A 

—U.U 11 (4j 


JN 1 


A AO/; //I A 

U.US6 (4) 


A All /OA 

U.U3z (zj 


A AT C /OA 

U.U35 (zj 


A A 1 T /OA 

—U.U 13 (zj 


A A 1 O /OA 

U.Ulz (Zj 


A AAOA /1 OA 

U.UUzU (loj 


XTO 

JNz 


a nio /oa 
U.Ujy (zj 


A n^/^Q /1 OA 

U.Uzos (iy) 


A A/l A /OA 

U.U44 (zj 


A AATO /1 TA 

— U.UU /o (1 1) 


A AAT O /1 OA 

U.UU30 (lyj 


A AAA/; /1 TA 

— U.UUU6 (1 /j 


p. 1 

Ol 


A A/CA /OA 
U.U6U (Zj 


AAT1C /1TA 
U.U315 (1 /) 


A AOT A / 1 £A 

U.Uz /U (16) 


A A 1 1 A / 1 £\ 

— U.U1 19 (16j 


AA1AO /1CA 

U.UlUo (Ijj 


A A A 1 C / 1 T A 

— U.UUIj (13j 


02 


0.064 (2) 


0.0354 (18) 


0.0251 (16) 


-0.0128(17) 


0.0055 (16) 


-0.0079 (14) 


03 


0.0392 (18) 


0.0292 (16) 


0.0270(15) 


-0.0041 (14) 


0.0050 (13) 


0.0010(12) 


04 


0.0423 (19) 


0.0318(17) 


0.0328 (17) 


-0.0052 (15) 


0.0058 (15) 


-0.0013 (13) 


05 


0.053 (2) 


0.0339 (18) 


0.061 (2) 


-0.0036 (16) 


0.033 (2) 


-0.0056 (17) 


06 


0.044 (2) 


0.057 (2) 


0.064 (3) 


-0.0005 (19) 


0.015 (2) 


0.013 (2) 



Geometric parameters (A, ") 



Sml— 01 


2.372 (3) 


Cll— H11A 


0.9700 


Sml— 03 


2.372 (3) 


Cll— HUB 


0.9700 


Sml— 05 


2.434 (4) 


C12— C13 


1.497 (8) 


Sml— 06 


2.550 (4) 


C12— H12A 


0.9700 


Sml— 02 


2.611 (3) 


C12— H12B 


0.9700 


Sml— 04 


2.615 (3) 


CI 3— N2 


1.478 (7) 


Sml— Cll 


2.6637 (13) 


C13— H13 


0.9800 


Sml— C12 


2.6940 (15) 


CI 4— N2 


1.277 (7) 


Sml— Cul 


3.4296 (9) 


C14— C15 


1.451 (7) 


Cul— 03 


1.926 (3) 


C14— H14 


0.9300 


Cul— Nl 


1.926 (4) 


C15— C16 


1.407 (7) 


Cul— N2 


1.931 (4) 


CI 5— C20 


1.411 (6) 
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Cul— 01 


1.942 (3) 


C16— C17 


1.365 (7) 


Oil — CO 


2.6621 (17) 


C16— H16 


0.9300 


CI— 01 


1.343 (5) 


C17— C18 


1.398 (7) 


CI— C6 


1.388 (7) 


C17— H17 


0.9300 


CI— C2 


1.404 (7) 


C18— C19 


1.369 (7) 


C2— C3 


1.379 (7) 


C18— H18 


0.9300 


C2— 02 


1.390 (6) 


CI 9— 04 


1.389 (6) 


C3— C4 


1.388 (9) 


CI 9— C20 


1.412 (6) 


C3— H3 


0.9300 


C20— 03 


1.327 (5) 


C4— C5 


1.366 (9) 


C21— 04 


1.441 (6) 


C4— H4 


0.9300 


C21— H21A 


0.9600 


C5— C6 


1.412 (7) 


C21— H21B 


0.9600 


C5— H5 


0.9300 


C21— H21C 


0.9600 


C6— C7 


1.450 (8) 


C22— 02 


1.434 (6) 


CI— Nl 


1.275 (7) 


C22— H22A 


0.9600 


C7— H7 


0.9300 


C22— H22B 


0.9600 


C8— C13 


1.394 (10) 


C22— H22C 


0.9600 


C8— Nl 


1.477 (8) 


C23— 06 


1.416(8) 


C8— C9 


1.497 (8) 


C23— H23A 


0.9600 


C8— H8 


0.9800 


C23— H23B 


0.9600 


C9— CIO 


1.499 (10) 


C23— H23C 


0.9600 


C9— H9A 


0.9700 


C24— 05 


1.405 (7) 


C9— H9B 


0.9700 


C24— H24A 


0.9600 


CIO— Cll 


1.410(12) 


C24— H24B 


0.9600 


CIO— H10A 


0.9700 


C24— H24C 


0.9600 


CIO— H10B 


0.9700 


05— H5A 


0.8297 


Cll— C12 


1.531 (9) 


06— H6 


0.8237 


01— Sml— 03 


64.73 (11) 


HI OA— CIO— HI OB 


107.3 


01— Sml— 05 


98.12 (12) 


CIO— Cll— C12 


119.0 (6) 


03— Sml— 05 


70.60 (12) 


CIO— Cll— HI 1 A 


107.6 


01— Sml— 06 


83.82 (13) 


C12— Cll— H11A 


107.6 


03— Sml— 06 


125.95 (13) 


CIO— Cll— HUB 


107.6 


05— Sml— 06 


71.99 (14) 


C12— Cll— HUB 


107.6 


01— Sml— 02 


61.10(11) 


H11A— Cll— HUB 


107.0 


03— Sml— 02 


122.06(11) 


C13— C12— Cll 


110.8 (6) 


05— Sml— 02 


134.91 (13) 


C13— C12— H12A 


109.5 


06— Sml— 02 


66.59 (14) 


Cll— C12— H12A 


109.5 


01— Sml— 04 


126.16(11) 


C13— C12— H12B 


109.5 


03— Sml— 04 


61.92(10) 


Cll— C12— H12B 


109.5 


05— Sml— 04 


70.89 (13) 


H12A— C12— H12B 


108.1 


06— Sml— 04 


134.78 (13) 


C8— CI 3— N2 


112.3 (5) 


02— Sml— 04 


154.12 (12) 


C8— CI 3— C12 


119.6 (6) 


01— Sml— Cll 


151.74 (9) 


N2— CI 3— C12 


117.6 (6) 


03— Sml— Cll 


142.81 (8) 


C8— C13— H13 


100.9 


05— Sml— Cll 


89.94 (9) 


N2— CI 3— H13 


100.9 


06— Sml— Cll 


72.96 (10) 


C12— C13— H13 


100.9 


02— Sml— Cll 


94.29 (8) 


N2— CI 4— CI 5 


125.8 (5) 


04— Sml— Cll 


82.08 (8) 


N2— C14— H14 


117.1 
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<J1 — Sm l — Clz 


94.19 (10) 


C15 — C14 — H14 


1 1 H 1 

117.1 


03 — Sml — C12 


OO Of /T\\ 

88.85 (9) 


CI 6 — CI 5 — C20 


118.6 (4) 


(J 5 — Sm 1 — Clz 


1 A O T) / 1 a\ 

148.33 (10) 


Clo — C15 — C14 


1 1 *7 C / A\ 

117.5 (4) 


(Jo — Sml — Clz 


138.63 (11) 


CzO — C 1 5 — C 14 


i n a / a \ 

123.9 (4) 


(Jz — Sm 1 — Clz 


76.33 (10) 


C17 — C16 — C15 


121.6 (5) 


(J4 — Sm 1 — Clz 


TO "7 /A\ 

78.27 (9) 


C17 — C16 — HI 6 


1 1 A 1 

119. z 


p 1 1 O 1 P 1 

Cll — Sml — C12 


m o/' /c\ 

92.86 (5) 


C15 — C16 — H16 


1 1 A 1 

119.2 


01 — Sml — Cul 


O 1 1 ft /ON 

33.19 (8) 


C16 — C17 — C18 


120.2 (5) 


(J 3 — Sm 1 — Cu 1 


TO T7 /T\ 

3z\ / / (/) 


Clo — CI / — HI / 


1 1 ft A 

119.9 


05 — Sm 1 — Cu 1 


HH A 1 /A\ 

77.41 (9) 


ni o pn TT1*7 

C18 — C17 — H17 


1 1 A A 

119.9 


Oo — Sml — Cul 


1 a 1 z:t / 1 a\ 

101.63 (10) 


C19 — C18 — C17 


1 1 A C /f \ 

119.5 (5) 


(Jz — Sm 1 — Cu 1 


93.94 (8) 


pi a /"<10 TTIO 

C 1 9 — C 1 o — H 1 » 


1 OA O 

120.2 


U4 — Sm 1 — Cu 1 


a«i ca tn\ 
94.39 (/) 


Pin pi O TT 1 O 

CI / — Clo — His 


1 OA O 


Cll — Sml — Cul 


167.30 (4) 


Pio p 1 1\ r\A 

C18 — C19 — 04 


1 O A A / /I \ 

124.9 (4) 


Cl2 — Sml — Cul 


98.47 (4) 


CI 8 — C19 — C20 


121.6 (4) 


03 — Cul — Nl 


164.8 (2) 


s \ a p i / \ p^ r\ 

04 — C19 — C20 


113.4 (4) 


03 — Cul — N2 


94.86 (16) 


/— \ p^A pi f 

03 — C20 — C15 


1 ^ A 1 {A \ 

lz4.1 (4) 


Nl — Cul — N2 


Of A f / 1 r»\ 

85.46 (19) 


/"^v -> P1A P1 A 

03 — C20 — C19 


1 1 T O / /I \ 

117.3 (4) 


03 — Cul — Ol 


82.07 (14) 


/" ' 1 £■ p r\ pv p 1 pv 

CI 5 — C20 — C19 


118.5 (4) 


XT 1 /"". . 1 /"v 1 

Nl — Cul — Ol 


C\ A AO / 1 "7\ 

94.08 (17) 


/"\ A PT| TJT 1 A 

U4 — Czl — HzlA 


109.5 


XTO f ' . . 1 1 

N2 — Cul — Ol 


166.45 (19) 


r\A PT1 TT11T) 

(J4 — Cz 1 — Hz 1 B 


1 AA C 

109.5 


03 — Cul — C13 


94.62 (11) 


TTi i * / 1 T T1 1 T* 

H21A — C21 — H21B 


1 f\C\ c 

109.5 


XT 1 1 /"H ") 

Nl — Cul — C13 


100.37 (18) 


/~\ A PT 1 TT^I p 

04 — C2 1 — H2 1 C 


109.5 


XT'"! /'■',, i /'■I') 

N2 — Cul — C13 


98.07 (15) 


TTi 1 A pAi TTO 1 P 

HzlA — Czl — HzlC 


109.5 


Ol — Cul — C13 


95.33 (12) 


in i r> p o i tto 1 /"< 

Hz 1 B — Cz 1 — Hz 1 C 


1 AA C 

109.5 


03 — Cul — Sml 


41.82 (9) 


02 — C22 — H22A 


109.5 


Nl — Cul — Sml 


136.02 (14) 


02 — C22 — H22B 


109.5 


XT'"! /"• , , 1 C— . 1 

N2 — Cul — Sml 


136.67 (12) 


HzzA — Czz — Hzzb 


1 AA C 

109.5 


Ol — Cul — Sml 


A 1 A -1 / 1 A\ 

41.94 (10) 


po ptt Tnor 

(Jz — Czz — HzzC 


1 AA C 

109.5 


p l >-\ p •« C 1 

Cl3 — Cul — Sml 


87.36 (3) 


H22A — C22 — H22C 


109.5 


Ol — CI — C6 


124.6 (5) 


H22B — C22 — H22C 


109.5 


Ol — CI — Cz 


11/: ^i / a \ 

116.2 (4) 


06 — C23 — H23A 


1 A A C 

109.5 


p s pi P ^) 

Co — CI — Cz 


119.2 (4) 


06 — C23 — H23B 


1 A A C 

109.5 


C3 — C2 — 02 


125.8 (5) 


H23A — C23 — H23B 


109.5 


C3 — C2 — CI 


121.2 (5) 


p-\ / PT) TTn/^ 1 

06 — C23 — H23C 


109.5 


02 — C2 — CI 


113.0 (4) 


TTT) a PT) TTT)/^ 

H23A — C23 — H23C 


1 AA C 

109.5 


C2 — C3 — C4 


119.1 (5) 


TTIO /" < -) t T1 1 /" ' 

H23B — C23 — H23C 


109.5 


/-i TT") 

C2 — C3 — H3 


120.4 


/ \ C p^» A TT1 /I A 

05 — C24 — H24A 


109.5 


p a p T T") 

C4 — C3 — H3 


120.4 


/ \ C p^ A TT1 /1T1 

05 — C24 — H24B 


109.5 


PC p a p-> 

C5 — C4 — C3 


1 OA O /C\ 

120.8 (5) 


H24A — C24 — H24B 


1 AA C 

109.5 


PC p a A 

C5 — C4 — H4 


119.6 


05 — C24 — H24C 


1 AA C 

109.5 


C3 — C4 — H4 


1 1 A / 

119.6 


H24A — C24 — H24C 


1 AA C 

109.5 


C4 — C5 — Co 


1 oa z: /c \ 

120.6 (5) 


H24B — C24 — H24C 


1 AA C 

109.5 


C4 CD H5 


119. / 


f^H XT1 /^o 

C / — N 1 — C8 


124.3 (5) 


C6— C5— H5 


119.7 


C7— Nl— Cul 


126.6 (4) 


CI— C6— C5 


119.0(5) 


C8— Nl— Cul 


109.0 (4) 


CI— C6— C7 


124.2 (5) 


CI 4— N2— C13 


123.6 (5) 


C5— C6— C7 


116.7(5) 


CI 4— N2— Cul 


125.1 (3) 


Nl— C7— C6 


125.0(5) 


CI 3— N2— Cul 


111.2 (3) 
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XT1 f~*H TT*7 

N 1 — C7 — H7 


1 1 H C 

117.5 




p 1 f \ 1 P . . 1 

CI — Ol — Cul 




124.5 (3) 


C6 — C7 — H7 


117.5 




CI — Ol — Sml 




1 ta r \ 

129.6 (3) 


/"I | 0 PO XT 1 

C13 — C8 — Nl 


111 (\ //'\ 

111.9 (6) 




p 1 p, 101 

Cul — Ol — Sml 




^ f\ a on / 1 a \ 

104.87 (14) 


C13 — C8 — C9 


116.9 (7) 




C2 — Oz — C22 




1 1 "7 C f A\ 

117.5 (4) 


xti 0 r~^c\ 

Nl — C8 — C9 


118.5 (6) 




C2 — (J 2 — Sm 1 




1 OA 1 \ 

120.1 (3) 


PO TTO 

CI 3 — C8 — H8 


102.0 




C22 — 02 — Sm 1 




100 C /O \ 

122.5 (3) 


XT 1 /"I 0 TTO 

N 1 — C8 — H8 


1 AO n 

102.0 




p -\ i\ p, ") p 1 

C20 — 03 — Cul 




IOC ") /"7 \ 

125.3 (3) 


C9 — C8 — H8 


102.0 




Pin /~~\ o ci 1 

C20 — 03 — Sm 1 




100 O \ 

128.2 (3) 


C8 — C9 — CIO 


1111 

112.2 (6) 




Cu 1 — U3 — Sm 1 




105.41 (13) 


t~* O /" < P» TTA * 

C8 — C9 — H9A 


109.2 




p 1 pi p. ^ pi 1 
C19 — 04 — C21 




115.5 (4) 


CIO — C9 — H9A 


1 aa 0 

109.2 




pii n p. a 0 1 

C19 — 04 — Sml 




1 1 O "7 /") \ 

118.7 (3) 


C8 — C9 — H9B 


109.2 




p 1 1 p. >l C 1 

C21 — 04 — Sml 




125.0 (3) 


pi A I~^C\ T TAP) 

C 1 0 — C9 — H9B 


109.2 




p r\ /I P. C O I 

C24 — 05 — Sm 1 




132.4 (4) 


T-TQA PQ WQR 


1 07 0 




CIA 

y^AH KJJ njn 




1 07 A 


Cll— CIO— C9 


117.0(8) 




Sml— 05— H5A 




109.5 


Cll— CIO— H10A 


108.1 




C23— 06— Sml 




130.7 (4) 


C9— CIO— HI OA 


108.1 




C23— 06— H6 




102.8 


Cll— CIO— H10B 


108.1 




Sml— 06— H6 




122.0 


C9— CIO— HI OB 


108.1 










Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 


R-A 


D-A 


D—R-A 


05—U5A-CB 




0.83 


2.20 


3.016 (4) 


169 


06— H6-C12' 




0.82 


2.45 


3.251 (4) 


166 



Symmetry code: (i) x-\,y, z. 
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